Study objective-The aim was to test whether cataract is associated with higher lifetime exposure to sunlight, and whether antioxidants protect against cataract.
cell activities of glucose-6-phosphate dehydrogenase, glutathione peroxidase, superoxide dismutase, and catalase. Higher grades of cataract (particularly nuclear cataract) tended to be more common in subjects with the most sun exposure, although not to the point of statistical significance. In contrast to earlier studies, no association was found with antioxidant status. cataract and residence in places with higher levels of sunshine.A" However, the relation has been less consistent in geographically localised studies where differences in sunlight exposure have been inferred from individual behaviour and occupational histories. In a survey of watermen on Chesapeake Bay, a doubling in estimated cumulative exposure to ultraviolet-B was associated with a relative risk of 1-6 for cortical cataract,12 13 and a study in Maryland and Delaware found 2300 higher sunlight exposure in patients with posterior subcapsular cataract than in controls. 14 On the other hand, two other case-control studies have found only weak and statistically insignificant associations between cataract and sunlight. 15 16 The absence of a clear relation in some studies may be partly attributable to difficulties in characterising individual exposure to sunlight retrospectively, particularly if there is little heterogeneity of exposure in the population under study. Also, the sensitivity of the lens to sunlight may depend on nutrition. The biochemical mechanisms whereby ultraviolet radiation is suspected of causing cataract include photooxidation of tryptophan residues in lens proteins and the generation of reactive species of oxygen which damage lens protein. ' Cortical opacities occupying less than i of the lens circumference in total Grade 2: Cortical opacities occupying at least and less than I of the lens circumference in total Grade 3:
Conclusions
Cortical opacities occupying at least 4 Opacities occupying less than of the posterior subcapsular area in total Grade 2: Opacities occupying at least i and less than i of the posterior subcapsular area in total Grade 3: Opacities occupying at least i and less than i of the posterior subcapsular area in total Grade 4: Opacities occupying at least of the posterior subcapsular area in total Lenses extracted because of cataracts were classified as grade 5 Lens changes due to trauma were ignored. Jacques et al. '8 The "enzyme index" was considered high if a subject was in the highest quintile for either glutathione peroxidase or superoxide dismutase and not in the lowest quintile for the other enzyme. It was classified as low if the subject was in the lowest quintile for either one of these enzymes and not in the highest quintile for the other. Otherwise it was deemed to be medium. The "vitamin index" was scored high if a subject was in the highest quintile for at least two of the vitamins studied and not in the lowest quintile for the third. *Sun exposure scores could not be calculated for 28 subjects because their occupational histories were incomplete. Antioxidant levels were missing for some subjects because they declined to give blood or because of technical problems in the laboratory (see text). G6PD = glucose-6-phosphate dehydrogenase.
Results
The field survey included 685 subjects aged 55-74 years, of whom 367 attended hospital for detailed examination. The attendance rate was similar in men and women, in subjects with high and low sun exposures scores, and in subjects with and without a diagnosis of cataract at the preliminary examination, but it was rather lower in subjects aged 70-74 years (430O) than at younger ages (560o). Of the hospital attenders, 158 were men and 209 were women. Table III shows the distribution of attenders by cataract grade. Altogether, 40 subjects (110 ,) had cataracts of grade III or higher, including 12 (300) who had lens extractions. Almost all of the cataracts observed were cortical or nuclear in type. The prevalence of cataracts was similar in men and women, but increased steeply with age (table IV) .
Visual acuity was 6/30 or less in 77",, of eyes with grade III or IV changes. Table V shows the overall association of cataract with sun exposure, enzyme levels and vitamin levels when each risk factor was examined independently with allowance for age and sex. The higher grades of cataract tended to be more common in subjects with the highest sun exposure scores, but none of the associations with sun exposure was statistically significant at the 5",, level. No clear patterns emerged in relation to antioxidant status. In particular, there was no trend to reduced cataract risk in subjects with the highest enzyme, vitamin, or combined indices. We looked to see whether associations with sun exposure and antioxidant status might be obscured by interconfounding (ie, higher antioxidant levels occurring in subjects with higher sunlight exposure), but found no evidence of such an effect.
When risks were estimated separately for nuclear and cortical cataract, no clear patterns emerged, although the trend to higher risk with increasing sun exposure was if anything stronger for nuclear than for cortical cataract.
Discussion
This study provides limited support for the hypothesis that sunlight is a cause of cataract, but gives no encouragement to the theory that antioxidant status is an important determinant of risk. Our failure to detect associations is unlikely to be related to the selection of subjects for study, but may have been influenced by errors in the grading of cataracts and classification of sun exposure.
We adopted a staged approach to data collection in the hope that during the field survey we would gain the confidence and goodwill of subjects, and thereby promote a better response to our request for hospital attendance. Although only 54°of eligible subjects attended hospital, there was no evidence that the response was biased in relation to cataract prevalence or sunlight exposure. We restricted our main analysis to those who attended hospital because cataract diagnosis in the field survey showed incomplete agreement with the hospital grading, and we felt that the examinations carried out with pupil dilatation and a better slit lamp would be more reliable. Unfortunately, there is no ideal method of assessing cataracts for epidemiological studies. Various grading systems have been explored including some based on photographic techniques,28 but classifications based on direct observation have been found to be as repeatable as any other.29 3 The assessment of cataracts in our study was carried out without knowledge of subjects' occupational histories, and any errors in the grading of cataracts will have tended to obscure associations.
Another possible source of error was our classification of sun exposure. We tried to assist subjects' recall by enquiring about the type of fishing method and time of day when it was carried out, before asking how much they were exposed to the sun in a job. However, their recollections may not have been accurate, particularly for exposures in the distant past. Also the factors by which we modified sun exposure scores to allow for shading and use of spectacles, although partially based on reported measurements,3' were inevitably somewhat crude. Again, any errors in misclassification would be expected, if anything, to obscure associations.
We had hoped that the contrast between the sun exposures associated with different fishing methods would compensate for any statistical power lost through misclassification of exposure and disease. As it turned out, the variation in sun exposure within our study sample was less than we had anticipated. Nevertheless, although not 
